Objective: The aim of the study is to evaluate the impact of single-plane and bi-plane imaging on procedural time, fluorescence time, and contrast medium volume in retrograde chronic total occlusion (CTO) percutaneous coronary intervention (PCI). 
led to the recommendations for its use in pediatric and adult cardiac catheter laboratories. 3, 4 A previous study showed bi-plane imaging resulted in a greater radiation dose and a longer procedural time and delivered a non-significant reduction in contrast load than single-plane imaging. 2 Another study comparing bi-plane and single-plane imaging in diagnostic coronary angiography procedures found a small, but notable, reduction in contrast load accompanied by significantly longer procedural time with bi-plane imaging. 5 These findings did not support the commonly perceived advantages of using bi-plane imaging in diagnostic angiography and simple coronary intervention procedures.
When complex percutaneous coronary intervention (PCI) such as retrograde chronic total occlusion (CTO) are performed, bi-plane imaging seems to provide more images for evaluation and could bring the benefit of less contrast volume and less procedural time. However, few studies have focused on the impact of single-plane imaging and biplane imaging when retrograde CTO PCI was performed.
The aim of this study was to explore the impact of single-plane imaging versus bi-plane imaging on contrast medium volume, procedural time, and fluorescence time in retrograde CTO PCI.
| MATERIALS AND METHODS
This was a prospective observation study. Between January 2008 and We excluded LCX CTO PCI due to small number and excluded the patient did not receive IVUS due to less time use, and excluded the poor-outcome and difficult cases such as ESRD. Then, we performed propensity score match to decrease selection bias. Baseline characteristics, lesion characteristics, procedural characteristics, and in-hospital mortality were compared between the two groups. The study was approved by the Institutional Review Committee on Human Research of Chang Gung Memorial Hospital.
| Definitions
Contrast induced nephropathy is defined as an elevation of serum creatinine of more than 25% or ≥0.5 mg/dL from baseline within 48 h after excluding other factors that may cause nephropathy, such as nephrotoxins, hypotension, urinary obstruction, or atheromatous emboli. 6 Technical success is defined as being when the guidewire can pass through the CTO lesion and enters the true lumen. The retrograde approach was defined as the introduction of the guidewire into the collateral channels, which were connected to the target CTO vessel distal to the lesion. Retrograde success was achieved when the retrograde guide-wire successfully entered the distal portion of the CTO segment. Finally, angiographic success was defined as a residual stenosis ≤30% by visual analysis in the presence of thrombolysis in myocardial infarction grade 3 flow. 7 In-hospital mortality is defined as death from any cause during hospitalization.
| Study endpoints
The primary endpoints were procedural time, fluorescence time, and contrast medium volume during CTO procedures. The secondary endpoints were technical success, retrograde success, final success of coronary flow after PCI, the incidence of contrast nephropathy, and inhospital mortality during hospitalization.
| Statistical analysis
Data are presented as mean ± standard deviation or percentages and median with interquartile range if non-normal distributed parameters.
The clinical characteristics between the study groups were compared by the t-test or Mann-Whitney U test for continuous variables or chisquare test or Kruskal-Wallis test for categorical variables. In order to advance evaluation of the impact of single plane imaging and bi-plane imaging, subgroups analyses were performed. Because the patients were not randomly assigned and had some bias in baseline characteristics. After excluding the patients received LCX CTO PCI, and did not receive IVUS, and the patient had ESRD, a propensity score match analysis was performed as 1-to-1 matched analysis by using a logistic regression model to adjust for differences in baseline characteristics.
Using the estimated logits, single plane group and bi-plane group had the closest estimated logit value. The baseline covariates were compared between the two groups and became similar. All statistical analyses are performed using SPSS 22.0 (IBM. Corp., Armonk, NY). A Pvalue less than 0.05 is considered statistically significant.
3 | RESULTS
| Patient characteristics
The patient characteristics are listed in Table 1 . The average age and the percentage of male gender in both groups were similar. The comorbidities were also similar between the two groups, except that a less body mass index (BMI) (26.0 ± 2.2 vs 26.7 ± 3.8; P = 0.038), lower prevalence of tobacco smoking (72.3% vs 42.9%; P < 0.001), lower prevalence of hyperlipidemia (77.3% vs 57.5%; P < 0.001), higher prevalence of heart failure (13.4% vs 31.3%; P < 0.001), and higher serum creatinine level (1.03 ± 0.11 vs 1.37 ± 1.50 mg/dL; P = 0.016) were noted in the bi-plane imaging group. The average of the left ventricular ejection fraction (LVEF) was lower in the bi-plane imaging group (57.00 ± 7.63% vs 53.63 ± 12.10%; P = 0.006), and the percentage of the LVEF < 35% was higher in the bi-plane imaging group than in the single-plane group (3.4% vs 10.4%; P = 0.023). The prevalence of multiple vessel disease was similar in both groups.
| Lesion and procedural characteristics
The lesion and procedural characteristics are listed in Table 2 . The occluded arteries were similar in both group, and the most occluded coronary perforation were similar in both groups. The incidence of contrast nephropathy was not different between the groups (0% vs 2.9%; P = 0.101), and there was also no difference in the incidence of puncture site ecchymosis or hematoma (1.7% vs 2.5%; P = 1.000) between the two groups. The incidence of in-hospital mortality was also similar in both groups.
3.3 | Procedural time, fluorescence time, and contrast medium volume in all the patients and different territories
The procedure time, fluorescence time, and contrast volume comparison are listed in Table 3 bi-plane imaging sometimes may limit the information of angiography during retrograde CTO PCI.
Bi-plane imaging has been suggested for pediatric and adult cardiac catheter laboratories because of lower radiation dose and less contrast volume. Another study also showed bi-plane imaging could not decrease screening time and procedural time in diagnostic coronary angiography. 5 In other fields using vascular neuro-interventions, One patient presented with radiation dermatitis. Hundreds of injuries from complex fluoroscopically guided interventions have been reported, ranging in severity from mild erythema and hair loss to deep skin necrosis, or even deeper tissues at the level of bone and spine. 12 In addition to decreasing the procedure time and improving the operators' skill, some methods could prevent radiation related injury:
keeping the patient's skin surface at a reasonable distance from the source, rotating the beam to a different angle, moving the arms out of the X-ray field, and preventing the use of beam angles where the female breast is directly exposed to the entrance. 12 Radiation has also induced other problems including cataracts, bone marrow dysfunction, tissue atrophy, infertility, and cancer or benign tumor. 13 The importance of the CTO PCI approach is improvement in the visualization of an occluded artery and collateral vessels, length and diameter of the vessel in the CTO lesion, and the morphology of a CTO lesion. Sometimes, the operators need considerable time to evaluate the true lumen or false lumen. Therefore, minimizing procedure time and fluorescence time is an important issue for preventing radiation induced injury during CTO PCI.
In the present study, there is a lower prevalence of tobacco smoking and hyperlipidemia, but a higher prevalence of heart failure, higher level of creatinine, and lower LVEF in the bi-plane group than the single-plane group. This baseline characteristics and CTO techniques differences may be mimicking the difficulty in retrograde CTO PCI procedure in some degree which cannot be revealed by statistics. Thus, we conducted propensity score match analysis after then. The distribution of occluded vessel, occluded length, and the average of J-CTO scores were similar in both groups, and the difficulties of imaging CTO lesions may be similar in both groups, even though this was a non-randomized study. The 0.8% in-hospital mortality was reported, and all these patients died due to cardiac tamponade and coronary perforation related to uncontrolled heart failure. In patients undergoing CTO PCI involving the LAD and RCA, the procedure time, fluorescence time, and contrast medium volume were both higher in the bi-plane group. We excluded the patients with LCX CTO, ESRD, and no IVUS use, and performed propensity score match analysis to decrease bias. We still noted longer procedural time, longer fluorescence time, and more contrast volume in bi-plane group.
Therefore, bi-plane imaging could not decrease procedural time, fluorescence time, and contrast medium volume in complex PCI such as retrograde CTO PCI in our study.
| Limitations
The present study had some limitations. First, it was a prospective observation study. However, we only retrospectively analyzed the issue of single-plane and bi-plane imaging use in our CTO registry.
Second, all procedures were done by one major operator and our CTO team. We did not randomize the patients and did not explore which patients could get benefit from single-plane imaging use. All cases were scheduled PCI, and it had already been planned how to approach the CTO lesion. Therefore, our study reported that biplane imaging could not lead to less procedural time and fluorescence time with regard to scheduled retrograde CTO PCI.
Third, we only recorded fluorescence time, which was not equal to fluorescence dose, although to a certain extent, longer fluorescence time dose reflects a higher fluorescence dose, especially at the lateral probe. Therefore, we still need a randomized study to explore the impact of single plane and bi-plane imaging use for retrograde CTO PCI or complex PCI. Fourth, we only focused on the impact of single plane and bi-plane imaging for retrograde CTO PCI, and we did not record the long-term clinical outcome. Therefore, we only provided in-hospital mortality.
| CONCLUSIONS
Bi-plane imaging could not decrease procedural time, fluorescence time, and contrast medium volume in retrograde CTO PCI.
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